We examined the effects of alloxan-diabetes on the kinetic properties of the soluble and the membrane-bound forms of acetylcholinesterase (AChE) in rat brain. The Km (0.15 mM) and VMax. (1.5 mmol/min per mg of protein) of the soluble form of the enzyme were unchanged in the diabetic animals. The membranebound enzyme in the control group displayed a lower Km (0.09 mM) and a higher Vm.ax (7.2 mmol/min per mg of protein)
INTRODUCTION
It is well recognized that the disease diabetes mellitus results in altered membrane functions in several tissues [1] [2] [3] . Membrane alterations has been recognized as the underlying primary biochemical defect [1J. In the brain, the diabetic state causes a 40 % decrease in transport of choline across the blood/brain barrier [4] , and decreased synthesis and release of acetylcholine (ACh) in specific brain regions [5] . Additionally, 32 and 41 % decreases respectively in the axonal transport of acetylcholinesterase (AChE) and choline acetyltransferase in cholinergic neurons have been demonstrated. The diabetic subjects experience loss of short-term memory and difficulties in concentration [6] [7] [8] ; the cognitive deficits and memory dysfunctions are associated with cholinergic hypoactivity [9, 101. Besides, decreased/delayed nerve transmission in the peripheral nervous system in the diabetic state has been demonstrated [11, 12] .
The enzyme AChE indirectly plays an important role in transmission of nerve impulse. It hydrolyses the ACh released at the cholinergic synapse and thus terminates the action of this neurotransmitter. In view of this, it is important to find out whether the diabetic state indeed influences the properties of this enzyme in the brain and thereby impairs the rate of nerve impulse transmission and associated memory and cognitive functions [9] [10] [11] [12] .
We have therefore carried out experiments to examine the effects of alloxan-diabetes on the kinetic properties of AChE in rat brain. Our results indicate that the kinetic properties of the membrane-bound form, but not of the soluble form, of the enzyme were significantly altered by alloxan-diabetes.
MATERIALS AND METHODS Chemicals
Alloxan was purchased from Spectrochem, India; 5,5'-dithiobis- (2- 
Animals
Male albino rats of Charles-Foster strain (8-10 weeks old; 200-250 g body wt.) were fasted overnight and were injected with alloxan intraperitoneally at a dose of 12 mg/100 g body wt. [13] . Alloxan solutions were prepared fresh by dissolving 120 mg of alloxan in 1 ml of 0.9 % NaCl. The controls were injected with equivalent volumes of 0.9 % NaCl solution. The diabetic state of the animals was ascertained by measuring the urinary and blood sugar levels [13, 14] . The animals were killed by decapitation 30 days after alloxan or saline treatment. The brain was quickly removed and placed in a beaker containing chilled (0-4 'C) 38 mM Tris/HCl buffer, pH 8.5. The tissue was freed from adhering blood by repeatedly washing with the buffer, and finally 10 % (w/v) homogenates were prepared with a Potter-Elvehjemtype glass-Teflon homogenizer.
Preparation of soluble and membrane-bound AChE
The procedure for isolation of soluble and membrane-bound forms of AChE was essentially as described by Bisso et al. [15] . Briefly, the brain homogenates were centrifuged at 100000 g for 1 h in a Sorvall OTD-Combi ultracentrifuge at 0-4 'C. The supernatant was carefully decanted and was used as a source of soluble enzyme. The pellet was resuspended by homogenization in the same volume of 38 mM Tris/HCI, pH 8.5, containing 0.25 % Triton X-100. After a further centrifugation at 100000 g for 1 h, the second supernatant was collected. This was used as the source of membrane-bound enzyme.
Assay of AChE activity
This was measured by the method described by Ellman et al. [16] . The assay system contained, in a final volume of 1.0 ml: 100 mM phosphate buffer, pH 8.0, 0.32 mM DTNB, 0.1 mM ETPZ. HC1 and various concentrations of ACTI in the range 0.05-2.0 mM. The enzyme (10-15 ug of protein) was preincubated with the assay medium for 15 min at 37 'C before addition ofthe substrate.
The reaction was started by addition of the substrate, and the increase in A412 was recorded in a Shimadzu UV-160A spectrophotometer at 37 'C at intervals of 2-5 s.
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Kinetic analyses
For determination ofKm and V..ax values, the data were subjected to both Lineweaver-Burk and Eadie-Hofstee analyses [17] , and K, for substrate (KS) was calculated from the Murray plot [17] .
Protein was determined by the method of Lowry et al. [18] .
RESULTS
The diabetic rats lost about 50 % of their body weight; the brain weight decreased by only 15 %. Consequently, the relative brain weight seemed to have increased (+ 80%), due to the disproportionately greater decrease in the body weight. The diabetic rats also exhibited polyuria (13-fold increase in urine volume), glucosuria (89 mg of glucose/ml; daily excretion 5.4 g). Their blood sugar levels increased by over 4-fold (Table 1 ). These Table 2 Effect of alloxan-diabetes on kinetic properties of soluble and membrane-bound AChE Soluble and membrane-bound forms of AChE were prepared from individual brains by the procedure of Bisso et al [15] . Kinetic measurements were carried out on the individual preparations of soluble and membrane-bound enzyme. The data were analysed by Lineweaver-Burk and Eadie-Hofstee plots [17] and the values of Km and Vmax were averaged. The results are given as means+S.E.M. of the numbers of independent observations indicated in parentheses (the ranges of Km and V. are indicated in brackets): *P < 0.01 and **P < 0.001 compared with control. Units: KM' mM; Vma, mmol/min per mg of protein. Figure 1 Eadie-Hofstee plots for the soluble and the membrane-bound cerebral AChE from control and diabetic animals AChE activity was determined spectrophotometrically [16] with substrate concentrations in the range 0.05-2.0 mM. Experiments were carried out on enzyme preparations from individual rat brains as detailed in Table 2 . The intercept on the ordinate represents V,1x, and the slope gives the value of -Km [17] . The parameters are in general agreement with those reported by others [19] [20] [21] and noted by us previously [13, 14] .
The soluble and the membrane-bound enzyme from both control and diabetic rats displayed typical substrate-saturation curves; as expected, higher concentrations of substrate were inhibitory (results not shown). The ascending portions of the substrate-saturation curves were used to obtain the LineweaverBurk and Eadie-Hofstee plots. Typical Eadie-Hofstee plots for the soluble and the membrane-bound enzyme are shown in Figure 1 . The values of Km and V',ax. obtained from the two plots were in excellent agreement; these were averaged, and the results are given in Table 2 Table 2 also show that the membrane-bound enzyme in the controls had low Km (0.09 mM) and high Vm.ax (7. 
DISCUSSION
The kinetic properties of AChE from electric organs of electric eel and Torpedo have been reported in the literature [22, 23] . However, it has to be recognized that this enzyme plays a highly specialized role in the electric organ, and hence its properties have no direct bearing on the cerebral enzyme; the cerebral enzyme, on the other hand, plays an indirect but important role in neurotransmission. The results of our present studies have shown that, even in control animals, the kinetic properties of soluble and the membrane-bound forms of cerebral AChE are different, i.e. the membrane-bound enzyme exhibits low Km and high Vmax. As far as we are aware, this information for the enzyme from mammalian brain has not been available thus far.
In the brain, AChE is present predominantly in the membranebound form; the soluble enzyme makes up only about 15 % of the total activity [15] . Obviously, therefore, it is the membranebound form of AChE which is physiologically important. Our data on Km and Vmax. (Table 2 ) would also substantiate this assumption. In this connection, it is noteworthy that in the brain the membrane-bound enzyme exists in the G4 form, whereas the soluble enzyme comprises a 1: 1 mixture of GI and G4 forms [15] . Inasmuch as the membrane-bound enzyme exhibited strikingly different kinetic properties compared with its soluble counterpart, it may be inferred that it is the membrane binding which plays a crucial role in deciding kinetic characteristics of the enzyme. In other words, G4, when not membrane-bound, displayed properties similar to those of GI.
Our results have shown that the Km and Vm.' of the membranebound AChE, but not the soluble AChE, increased in the diabetic state (Table 2 ). This may possibly relate to the reported delayed nerve transmission and impaired brain functions [9] [10] [11] [12] . AChE is known to be inhibited by greater than saturating concentrations ofthe substrate, due to the binding ofthe substrate at a site other than the active site [17] . We found that the KS for the membrane-bound enzyme was 3-4 times higher ( Figure 2) ; the diabetic state did not influence this pattern. These observations would thus suggest that substrate inhibition of AChE is also a membrane-dependent phenomenon. To summarize, then, the diabetic state clearly influenced the kinetic properties of the membrane-bound enzyme, but had no effect on substrate binding at higher concentrations.
Since the diabetic state is known to cause membrane alterations [1] , it is possible that the changes that we observe here could be attributed to this factor. Noteworthy in this connection is our previous observation that in alloxan-diabetic rats the total membrane-bound Na+,K+-ATPase activity in the brain decreased by 60 %, with a 7-fold increase in Km(ATP) and a 50 % decrease in VmJ... Simultaneously, IC50 for ouabain increased by 3 orders of magnitude in the diabetic state. Additionally, we also found that the membrane glycosylation increased by 2-fold [13] . The last two observations are suggestive of membrane alterations in the diabetic state. Considering these observations together with those of the present studies, it may be inferred that the membrane alterations can significantly affect the kinetic properties of the membrane-bound enzymes. Alterations in the membrane lipid composition could be another possibility. However, Mooradian et al. [24] were not able to demonstrate any significant change in lipid composition of synaptic membranes in experimental diabetes.
Decreased Vm.. without alteration in Km for erythrocyte AChE from diabetic patients has been reported [25] . The pseudocholinesterase activity in the plasma of alloxan-diabetic rats increased significantly, with a concomitant increase in the activities in the liver and adipose tissue [26] . However, the physiological significance of these observations remains unclear, since they are not related to neurotransmission.
